INTRODUCTION
The visualization of vertebrate nuclei by field-emission scanning electron microscopy (FESEM) is necessary and informative in determining the presence and function of nuclear structures and proteins [1] [2] [3] . It is worth noting that both Xenopus egg-extracts and oocyte nuclei constitute embryonic systems and that data accumulated by studying these systems may not be directly applicable to somatic cells 4, 5 . Therefore, it has also been important to pioneer techniques for the isolation and visualization of amphibian (and mammalian) tissue culture cell nuclei 6 . The protocol included here was originally developed for Xenopus tissue-culture cell nuclei but has proved equally applicable for the visualization of mammalian cell nuclei. To reveal nuclear structure the cells are subjected to a fracturing technique with an adhesive at room temperature (16-24 1C) in which the fracture planes can pass at various planes through detergent-extracted cells, exposing both nuclear surfaces and internal structure in a way not accessed by frozen fracture. This is because fractures through frozen cells 'seek out' planes of mechanical weakness and are limited to the nuclear membrane alone 7 .
Correlation of the presence or absence of nuclear structures with defined biochemical and molecular perturbations has provided quantitative and qualitative insights into the protein requirements for cellular processes. A current area of research is the investigation of the processes and proteins necessary for the assembly of nuclear pore complexes (NPCs); the gateways for all molecular traffic between the nucleoplasm and cytoplasm 8 . To directly visualize nascent NPCs at high resolution our studies have involved the direct surface imaging of the chromosome surfaces of HeLa and DLD cells at well characterized stages of mitosis. Surface imaging using FESEM permits direct observation of nuclear morphologies that are difficult to reconstruct using conventional thin-section transmission electron microscopy (tsTEM).
This procedure is applicable for the surface imaging of tissue culture cell nuclei and further protocols describing our techniques for the visualization of Xenopus oocyte nuclei and nuclei formed in cell-free extracts of Xenopus have been published 4, 5 . Together with immunolabeling of specific proteins, FESEM provides unrivalled information about the density and distribution of proteins and protein complexes at the nuclear surface. . Gly (Sigma-Aldrich, cat. no. G7403) (see REAGENT SETUP) . Leibovitz . Triton X-100 (VWR International) (see REAGENT SETUP) . Xenopus tissue culture cells . BSA (Sigma-Aldrich) (see REAGENT SETUP) . Fish skin gelatin (Sigma-Aldrich, cat. no. G7765) (see REAGENT SETUP) . Fixative (see REAGENT SETUP) . L-15 medium (see REAGENT SETUP) . Primary 6| For FESEM studies, grow cells on silicon chips in cell culture Petri dishes. Cells should be plated on day 1, medium changed on day 2 and the cells used on day 3 when they should be approximately 50% confluent. They should be grown on the shiny side of the chip. Check density by observing cells growing in the Petri dishes. 
MATERIALS
tweezers 3 Sterilize by wrapping in foil and heating in a hot oven at 150 1C for 24 h. Silicon chips Number chips using the writing diamond. Clean by dipping in a beaker of acetone, and dry with tissue. Rinse with 70% ethanol, place in a glass Petri dish, wrap in foil and sterilize by heating in a hot oven at 150 1C for 24 h.
10| Rinse in PBS.
11| Transfer to 0.5% Triton X-100 in PBS for 30 min.
12| Rinse in PBS.
13| If immunolabeling is required, follow the protocol provided in Box 1 before proceeding to Step 14. Otherwise, continue immediately with Step 14. 2. Prepare a wet chamber using a 90-mm Petri dish containing wet filter paper with Nescofilm on top. 3. Dilute the primary antibody at an appropriate concentration in PBS. 4. Place chip on dry filter paper to dry the back. 5. Place chip on parafilm in wet chamber and quickly pipette on 10 ml antibody, incubate for 1 h at room temperature. 6. Wash in PBS buffer 2 Â 10 min. 7. Block with 1% fish skin gelatin in PBS for 10 min. 8. Dilute the secondary antibody gold conjugate at a concentration of 1 in 10 in PBS. 9. Place chip on dry filter paper to dry the back. 10. Place chip on parafilm in wet chamber and quickly pipette on 10 ml antibody, incubate for 1 h at room temperature. 11. Wash three times for 10 min in PBS. 12. Continue from Step 14 of the main protocol. 23| Visualize by high resolution SEM. ' PAUSE POINT Store samples under vacuum for optimal preservation. ? TROUBLESHOOTING
TIMING
Steps 1-5: 1 week to grow cells from frozen stocks which can be maintained for up to 6 months
Step 6: 3 d
Step 7-12: 1 h
Step 14: 1 h or overnight Steps 15-20: 2 h
Step 21: 10 min
Step 22: 1 h duration depends on the coating system used and time required to achieve correct vacuum
Step 23: image acquisition: duration depends on number of samples Immunolabeling (Box Figure 2 | Visualization of immuno-gold labeling at the nuclear surface. After prefixation and extraction, nuclei have been labeled with a monoclonal antibody to a nucleoporin (Nup 107) and secondary labeled with 10-nm colloidal gold. The nuclear surface is exposed by fracture, and coated with 3 nm of chromium, before examination in the scanning electron microscope (SEM), using secondary and backscatter imaging. (a) Surface topography is apparent from the conventional secondary imaging, and (b) backscatter imaging produces an unequivocal distribution of the gold particles. Both images are acquired simultaneously, and can be superimposed to show the location of the gold (labeling nuclear pore complexes) in situ on the secondary image (inset). Scale bars ¼ 500 nm.
ANTICIPATED RESULTS
This protocol can generate images of the cytoplasmic aspect of the nucleus (Fig. 1a-c) and can reveal internal structures such as nucleoli and chromatin ( Fig. 1d-f) . The manner in which each cell fractures and consequently the structures that are visible vary between cells. However, cells can be seeded and processed at sufficiently high density to generate statistically significant information. Labeling of cytoplasmically orientated structures of the cell nucleus has been especially important in characterizing the protein components of the NPC (Fig. 2) . 
